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centration of total amino acids is greater in
serum than in the comparable plasma(18).
This same relationship has been found to hold
for individual amino acids(19).

Summary. Normal premature infants fed
a diet deficient in phenylalanine developed
changes in their bone marrow within 24 to 48
hours. These marrow changes consisted spe-
cifically in cytoplasmic vacuolization of ery-
throid precursors. Vacuoles also occurred in
the myeloid elements. The vacuoles of the
red cell precursors were associated with
marked depression of serum phenylalanine
concentrations to levels of 4 and 6 micromoles
per liter. These effects were reversible within
48 hours by the addition of 100 mg per kg of
phenylalanine to the diet. Any possible effects
of the phenylalanine deficiency on other amino
acids was obscured by the increased serum and
urine concentrations of these amino acids re-
sulting from increased intake provided by the
proprietary casein hydrolysate preparation.
Addition of valine, alanine, and methionine
to the normal and deficient diets did not pro-
duce marrow changes or other toxic effects.

The authors gratefully acknowledge their indebted-
ness to Miss Meta Bohanan, R.N,, and her staff for
help in carrying out the observations on the patients
and to Drs. H. P. Baker, R. Feigin, F. K. Kennedy,
D. Palant, N. Pleva and P. Sexton of the resident
staff for major contributions to the care and study of
the patients.
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The mechanism of nuclear RNA synthesis
in regenerating rat liver involves the produc-
tion of a rapidly labeled RNA copy of DNA.
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Initial investigations from this laboratory in-
dicate that pulse labeled nuclear RNA could
be isolated, purified and sedimented as a clear
pellet in the presence of Mg*+ ijons. This
pellet contained 60-100% of the radioactivity.
Experiments concerning the nature of this
pellet comprise the basis of this report.
Materials and methods. 1. Preparation of
rat liver nuclei: Wistar rats, 150-250 g, were
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hepatectomized (20-40%) and immediately
injected with 10 uc of orotic acid 6 C* (spe-
cific activity 3.45 mc/mM, New England
Nuclear Corp.) 90 minutes prior to sacrifice.
The livers were removed, quickly frozen on
dry ice, and homogenized in a Potter Elvehjem
homogenizer (6-8 strokes at 600 rpm) in 5
volumes of 5% sucrose containing .04 M citric
acid. All solutions were maintained at 4°C.
The homogenate was diluted 4-fold with ho-
mogenizing solution and passed through an 80
mesh stainless steel cloth held in a millipore
filter adaptor. Nuclei were concentrated by
centrifugation at 400 X g for 10 minutes in
conical centrifuge tubes and washed three
times in 5% sucrose containing .04 M citric
acid. Nuclei were resuspended by light ho-
mogenization in 2.0 M sucrose containing .04
M citric acid and then centrifuged in a swing-
ing bucket rotor (SW 25.1) at 90,000 X g
for 90 minutes in a Spinco model L prepara-
tive ultracentrifuge. The supernatant sucrose
was decanted and the tubes permitted to drain
to provide a clean pellet of nuclei. The nuclei
were examined in the electron microscope to
determine the degree of purification.

2. Preparation of nuclear RNA: Twenty
mg of Mg*t+ bentonite(1) were added to
nuclei obtained from 10 g of hepatectomized
liver. The nuclei were gently homogenized in
40 ml (10 g of initial liver) of a solution
containing .03 M Tris - HCl (pH 7.5), .01 M
MgCly, 0.5% sodium lauryl sulfate and 0.1%
trimethylamine. The homogenate was heated
to 60°C and an equal volume of preheated
saturated phenol (70 cc of 88% liquid phenol
and 30 cc of homogenizing solution) was
added. The mixture was stirred vigorously
at 60°C for 5 minutes and then plunged into
a dry ice-alcohol slurry. The heating, mixing
and cooling procedure was repeated twice.
The solution was centrifuged at 30,000 X g
for 10 minutes and the aqueous phase care-
fully removed and ether extracted to remove
the phenol. RNA was precipitated overnight
by adjusting the aqueous phase to 2% K
acetate and with 2.5 volumes of ethanol, The
RNA precipitate was washed twice with cold
67% ethanol,

3, Preparation of cytoplasmic RNA: Cyto-
plasmic RNA was prepared from the super-
natant of centrifuged liver homogenate, The
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supernatant was adjusted to 0.5% sodium
lauryl sulfate, 0.1% trimethylamine, .03 M
Tris pH 7.5, .01 M MgCl; and 0.1% benton-
ite. The solution was gently homogenized,
brought to 60°C, phenol extracted and alco-
hol precipitated as described above.

For RNA preparations free of DNA, an
additional DNA’se step (2.5 pg/ml deoxy-
ribonuclease) was included. This was fol-
lowed by bentonite, phenol, ether and alcohol
precipitation as described above.

Commercial yeast RNA (Worthington)
was also purified as described above to remove
traces of ribonuclease activity.

4. Preparation of nuclei, nuclear and cyto-
plasmic RNA for electron microscopy: Sam-
ples were fixed for 30 minutes in 2% veronal
buffered osmium tetroxide, pH 7.4. The fixed
samples were dehydrated in alcohol and em-
bedded in araldite. Sections were cut with a
Porter-Blum microtome and stained with
uranyl acetate for one hour. Micrographs
were made with an RCA-EMU-3F double
condenser electron microscope.

5. Sucrose density gradients: Linear su-
crose density gradients 5-20% were prepared
according to Martin and Ames(2) using a
Technicon proportioning pump to prepare 4
replicate tubes. A linear gradient was ob-
tained by selecting conditions to remove fluid
from the mixing flask at twice the rate of
addition of the 5% sucrose. Linearity was
checked by determining the refractive index
of the extra gradient tube.

6. Analytic methods: RNA was deter-
mined by the orcinol procedure(3), and DNA
was determined by the p-nitrophenylhydrazine
procedure(4). Base analysis was followed by
column, paper and thin layer chromatogra-
phy. Protein was analyzed by the method
of Lowry(5). Protein contaminants were as-
sayed by an amino acid analysis(6) after 6
N HCI digestion for 18 hours. Radioactive
analyses were performed using a Tri Carb
scintillation counter. Bray’s solution(7) was
used as the scintillator.

Results. Sucrose isolated nuclei were ex-
amined in the electron microscope for their
purity (Fig. 1a).

When purified rat liver nuclear nucleic acids
were dissolved in 11.5 ml of .03 M Tris HCl
pH 7.5, .01 M MgCl; and subjected to 105,000
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FIG. 1. Electron micrographs of liver nuclei and RNA pellets. A—Sucrose isolated nuclei
X 3120; B—nuclear RNA-DNA X 72000; C—enlarged section of an intact, isolated nucleus X 72,
000; D—intact liver cytoplasm X 72,000; E—rat liver cytoplasmic RNA X 72,000; F—yeast RNA
X 72,000.

X g for 2 hours a perfectly clear translucent
pellet was obtained. Electron microscopy of
this pellet revealed small electron dense par-
ticles organized singly or in clusters along
interlacing membranous structures (Fig. 1b).
It was found that these structures resembled
some of the cytological characteristics seen
in the intact isolated nucleus (Fig. 1c). That
the interlacing membranous structures were
composed of DNA was suggested by the loss
of these membranes following deoxyribonu-
clease treatment (2.5 pg/ml), leaving only
the small dense particles. Furthermore, in
nucleic acid preparations treated with ribo-
nuclease (.1 pg/ml), the small dense particles
were removed leaving only the membranous
structures intact.

The ultrastructure of liver cytoplasm is
shown in Fig. 1d. Purified Mg+ + aggregated
RNA yielded electron dense particles (Fig.
le). Similar particles also were observed from
commercial yeast RNA (Fig. 1f). The spec-
trum of both nuclear and cytoplasmic RNA
revealed a maximum at 260 mp, 2 minimum
at 230 and 260/280 ratio of 2.0.

The chemical composition of the deoxyribo-
nuclease-treated nuclear RNA was checked
for purity and there was no detectable DNA,
as determined by the p-nitrophenylhydrazine
reaction or by thin layer chromatography of
the hydrolyzed bases. Protein could not be
detected by the Lowry method. The RNA
was therefore examined for hydrolyzed pro-
tein by a ninhydrin amino acid analysis. This
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FIG. 2. Distribution of pulse nuclear RNA. Rela-
tive distribution of radioactivity of pooled fractions
collected from a 35-20% sucrose layered over 2 M
sucrose. Samples were fractionated as described in
text. 10 uc of Na* Orotate 6 C*™* was injected imme-
diately following partial hepatectomy. Duration be-
tween time of injection and sacrifice varied from 5
min to 24 hr.

analysis revealed the presence of glycine and
ammonia as the major contaminants most
probably from the degradation of the RNA
bases. Other amino acids were present in
negligible quantities, to account for less than
1% protein contamination. In order to ex-
clude the possibility of the electron dense
structures representing phospholipid, an addi-
tional chloroform-methanol (3:1) treatment
of the RNA pellet was performed. The elec-
tron dense particles survived this extraction.

The presence of Mg++ was essential for
formation of a pellet of RNA sedimenting at
105,000 X g for 90 minutes. This was shown
by the fact that removal of Mg+ + by addition
of EDTA followed by fractionation on a col-
umn of Sephadex G-25, prevented the sedi-
mentation. The Mg++ free RNA, either as
the K+ or NH,t salt could be reassociated
by addition of .010 M Mg++,

An outline of one RNA pulse labeled experi-
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ment is given in Table I. It should be noted
that most of the radioactive alcohol-precipit-
able RNA was centrifuged down with the
Mgt + associated RNA pellet.

Fig. 2 shows a time course experiment by
procedures modified after those of Hiatt(9).
In these experiments RNA was isolated in
the presence of .001 M MgCl,. The nuclear
RNA fractions were divided into 3 parts
after centrifugation in 5-20% sucrose density
gradient. Tubes 20-30 were pooled and desig-
nated as the light fraction (0 to 10s), tubes
10-20 were pooled and designated intermedi-
ate fraction 10 to 40s. A pellet (> 40s) was
resuspended from the bottom of the tube and
added to the remaining 10 tubes and desig-
nated as the heavy fraction. It may be noted
that a large percentage of the label is present
in the pellet fraction at 5 minutes after orotic
acid C'* was injected intraperitoneally. There
was a progressive loss of relative incorporation
from the pellet into the intermediate fraction
during the course of 6 hours. Thereafter the
intermediate fraction lost its share of radio-
active label to the lower molecular weight
fraction.

Discussion. The evidence presented here
demonstrates that in the presence of .01 M
Mg++, RNA particles (aggregates?) may be
observed from protein free preparations of
nuclear, cytoplasmic or yeast RNA. In addi-
tion to these particles, the nuclear RNA prepa-
rations contaminated with DNA contain in-
terlacing membranous structures. Allfrey et
al have shown remarkably similar features in
intact trypsinized calf thymus nuclei(10).
The evidence that the membranous compo-
nents are DNA is based on the fact that they

TABLE I. Sedimentation of Pulse Labeled

Nuclear RNA.
Initial
RNA before Super-
centrifugation Solvent* Pellet natant
(epm) system (cpm)  (epm)
38,000 03M K* acetate 35,000 0
pH 7.5
.01M MgCl,
30,800 .03M K* acetate 0 32,000
pH 7.5
.1 MK* EDTA

* Pulse labeled nuclear RNA No. 57, was centri-

fuged at 105,000 X g for 2 hours.
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are absent after deoxyribonuclease attack,
even though they survived vigorous homogeni-
zation in sodium lauryl sulfate, trimethyl-
amine, hot phenol extraction, freezing, thaw-
ing, alcohol precipitation, chloroform-metha-
nol (3:1) and ether extraction. Preparations
of DNA treated with ribonuclease show only
membranous structures without RNA parti-
cles(8).

It is most probable that the RNA particles
represent an interaction between isolated RNA
and a divalent ion as Mg*++. This inter-
action may be analogous to that observed
with synthetic polynucleotides(11). These
observations would imply that the electron
density of ribosomes is primarily attributable
to their RNA content and is not dependent
on nucleoprotein.

The precipitability of nuclear RNA is de-
pendent upon the endogenous Mg++ concen-
tration of the isolation medium as well as the
Mg++ concentration in the sucrose density
gradient. At low Mg*+ concentrations (.001
M Mgt in the isolation medium and none
in the sucrose density gradient) the per cent
of radioactivity is distributed in the fractions
as a function of time. Within 5 minutes after
an orotic acid C* label, a large portion of the
radioactivity is associated with the pellet
(Fig. 2). The apparent progressive loss of
radioactivity from the pellet into the inter-
mediate and then to low molecular weight
fractions suggests that the earliest labeled
RNA is the highest molecular weight and that
the later appearing fractions represent pro-
gressively disaggregated forms. These results
are similar to those reported for HeLa cells
by Scherrer and Darnell(12). In addition to
the ribosomal and transfer RNA peaks as seen
by optical density measurements, 2 hetero-
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geneous radioactive fractions were observed.
One fraction sediments between 30-45 S and
a second fraction > 45 S results in a high
specific activity pellet. The amino acid in-
corporation capacity, Mg*+/P ratios, and
sedimentation characteristics in the presence
of divalent cations is to be reported elsewhere
(8). Although these data are consistent with
the hypothesis that the most rapidly labeled
RNA is a high molecular weight component
synthesized in the nucleus which is then either
dissociated to smaller components or trans-
ported to the cytoplasm, we feel that a direct
translation into molecular weight may be
misleading unless the effect of that particular
Mg++ concentration has been predetermined.
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